Genetic screens in Drosophila have identified many genes involved in neural development and function. However, until recently, it has been impossible to monitor neural signals in Drosophila central neurons, and it has been difficult to make specific perturbations to central neural circuits. This has changed in the past few years with the development of new tools for measuring and manipulating neural activity in the fly. Here we review how these new tools enable novel conceptual approaches to 'cracking circuits' in this important model organism. We discuss recent studies aimed at defining the cognitive demands on the fly brain, identifying the cellular components of specific neural circuits, mapping functional connectivity in those circuits and defining causal relationships between neural activity and behavior.
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What is circuit cracking?
The Oxford English Dictionary defines to crack as 'to puzzle out, make out, solve, discuss.' To completely solve a neural circuit would require (i) describing a behavior whose neural circuit mechanisms we seek to understand, (ii) identifying which neurons are involved, (iii) determining what drives activity in each type of neuron and how these signals are transformed through the circuit, (iv) discovering the cellular, synaptic and circuit mechanisms underlying these neural transformations (v) understanding why these neural transformations are useful intermediates in producing this behavior.
Why the fly?
Cracking every neural circuit in every species would be impossible and pointless. But a detailed comparison of several circuits in different species should help reveal what features of neural circuits are fundamental and which are specializations. Many (although not all) neuroscientists believe that some neural circuits in Drosophila are worth including in this research program. The most obvious reason is the power of the Drosophila genetic toolbox. Mouse neurogenetic tools are beginning to rival those of the fly, however, and so this reason is no longer preeminent. A more basic reason is numerical simplicity: there are 1000-fold fewer neurons in the brain of the fruit fly. Another advantage is the identified neuron -a stereotyped neuron that can be located (in theory) in every fly. Many Drosophila neurons are identifiable in this way. Caenorhabditis elegans is even simpler, and each of its 302 neurons is uniquely identifiable, but the behavioral repertoire of the worm is less extensive. Thus, the fly is a useful compromise between tractability and richness.
In this review, we have generally restricted our focus to studies published within the last four years. Several excellent reviews have summarized technical innovations in the genetic control of Drosophila neurons during this time period [1,2]. Here we instead examine how these tools succeed (and occasionally fail) in advancing the broad goal of understanding neural circuits. We also look critically at whether the anticipated power of this model system -to rapidly achieve complete understanding of a neural circuit -is currently realistic.
Defining the behavioral task Circuit cracking generally begins with an observable behavior that we seek to understand. Classical Drosophila behavioral paradigms were designed to screen many flies simultaneously for profound defects, with the goal of isolating new genetic variants. But neuroscientists are increasingly interested in fly behavior for its own sake, rather than simply viewing it as a tool for isolating mutations [3] .
Several recent behavioral studies have expanded our notion of the fly's cognitive ability. For example, Drosophila can discriminate between subtly different abstract visual symbols, and can recognize a familiar object regardless of where in the visual field that object previously appeared [4] [5] [6] . Flies can also remember the spatial position of an object that has been removed from their environment [7] . They can detect tiny changes in odor concentration [8, 9] , and can integrate olfactory information with visual signals [10] [11] [12] [13] or other olfactory cues [9, 14] . A male can tell the difference between a virgin and non-virgin, and can learn to modify his courtship strategy after sexual rejection [15, 16] . Females can discriminate between the courtship songs of males of different species [17, 18] . Flies will fight over food or mates, and can learn to modify their fighting strategy based on past encounters [19] . None of the neural circuits mediating these behaviors are currently understood.
Behavioral observations can also reveal what algorithms might be used to accomplish a particular cognitive 
